Objectives. To compare 1) maximum manually induced head-protraction, head-tilt and forward head position and 2) the evolution of head-tilt and forward head position during a laptop-task between a headache-and control-group.
INTRODUCTION
University students show an increasing laptop-use compared to the use of a desktop computer. In 2005, 52.8% of the students used a laptop compared to 75.8% in 2007 75.8% in (Jacobs et al 2009 . The risk of developing musculoskeletal complaints is correlated to the duration of the computer-or laptop-use and gender. Bernard et al 1994 identified a dose-response relationship between the duration of computerwork and the associated musculoskeletal complaints. Daily computer-or laptop-use greater than three hours was associated with a higher prevalence of musculoskeletal complaints (Kanchanomai et al 2012) . Female college students report a higher frequency of discomfort using a laptop or desktop computer (Noack-Cooper et al 2009) . Malińska et al 2010 reported in a cross-sectional study that in workers who regularly used portable computers in their everyday occupational duties headache was the most important complaint in 55% of the females.
Increased use of the laptop can thus elicit posture-related complaints such as headache and neck pain. Sitting behavior during laptop use is characterized by an augmented neck flexion and head-tilt (Straker et al 1997 , Berkhout et al 2004 , less head movement, a shorter viewing distance and a larger forward head position . A more pronounced forward head position is a typical feature in patients with migraine, cluster headache, cervicogenic headache, tension-type headache, neck pain Headaches emanating from structures in the cervical spine, provoked or aggravated by sustained neck postures or movements include tension-type headache, cervicogenic headache or a mixture (Jull 1986 , Fernández-de-Las-Peñas et al 2010 . Processes known to contribute to such 'postural induced headaches (PHA)' are divided into peripheral and central. Prolonged nociceptive input from pericranial structures innervated by the upper cervical nerves can cause sensitization of the trigeminal nucleus caudalis in the trigemino-cervical complex. This complex contains major relay neurones for nociceptive afferent input from cervical structures and trigeminal afferents. It is well accepted there is convergence between these neurons in the trigeminal nucleus caudalis leading to referral into the parietal, frontal and orbital regions. Prolonged nociceptive input from the cervical region may sensitize the central nervous system and thereby increasing pain sensitivity (Bogduk & Govind 2009 , Goadsby & Bartsch 2010 , Watson & Drummond 2012 .
Habitual postures and sustained static load may contribute to the development of neck pain with associated headache (Szeto et al 2005ab) . In particular small changes in the head position can result in a significant increase in load on supporting structures (Harms-Ringdahl et al 1986 , Straker et al 1997 , Jull et al 2008 . Proper motor control of the head posture and movement is crucial to avoid such overload. Yet, in subjects with postural neck pain or tension-type headache awareness of the neutral head position is disturbed (Giacomini et al 2004 , Kristjansson 2005 , Edmondston et al 2007 .
While maladaptive head posture during sitting is recognized as a possible intrinsic etiological factor for headache (Yoo & An 2009 ), only few studies compared cervical postures of individuals with PHA to asymptomatic controls (Edmondston et al 2007) . Nor have such postures during sitting been referenced to individual maximal end-range. Since habitual head and cervical postures vary considerably between individuals (heterogeneity) it might be relevant to express the individual head posture in relation to the maximal end-range. These positions are more likely to be provocative.
Previous cross-sectional studies, comparing postural differences between subjects with pain and healthy controls resulted in no statistical differences in habitual head and cervical posture (Edmondston et al 2007) . Therefore this study aims to reference the forward head position to maximal end-range postures in subject with PHA versus healthy controls (HC). Most findings of previous studies were derived from evaluating static postural control (Edmondston et al 2007 , Edmondston et al 2011 . To provide useful information on the dynamic postural behaviour this study aims to evaluate head-tilt and forward head position during a 30 minutes laptop computer task.
MATERIALS AND METHODS

Study design
Baseline head posture in sitting, estimated by head-tilt, forward head position and manually induced maximum head protraction, was compared between a PHA-group and HC. Next, head-tilt and forward head position were compared within and between groups during a 30 minutes laptop task.
Subjects
Using an informative questionnaire 24 female students were selected from an University College in Hasselt, Belgium. The 12 students with PHA met the criteria as described below. The 12 students for the HC-group were matched for gender and age.
Inclusion criteria for the PHA-group were: females between 19 and 30 years, headache induced by sustained sitting postures, neck stiffness, diagnostic criteria for tension-type or cervicogenic headache as defined by Sjaastad et al 1998 and the ICHD-III beta 2013. Exclusion criteria for the PHA-group were: pregnancy, physiotherapy or manual therapy treatment in the past 12 months for headache, history of neck or head trauma or surgery and pain radiation in the upper extremities. Inclusion criteria for the HC-group were: females between 19 and 30 years, no current headache, no history of neck or head trauma or surgery and no pregnancy.
The Ethical Committee of the Hasselt University granted approval for the study (ref. CME 2008/268) and all participants signed the written informed consent.
Measurements and instruments
The selected subjects with PHA kept a diary for two weeks prior to the study. Duration (hours/day) and intensity of their headache were questioned daily. Scores of headache intensity were given using the Visual Analogue Scale (VAS) (Lundqvist et al 2009) . Scores ranged between 0 (no pain) and 10 (the most pain possible). After two weeks average scores were calculated. Next, all subjects received information about the procedure before starting the measurements.
To measure the postural variables (manually induced maximum head protraction, forward head position, head-tilt) markers were fixed at three anatomical reference points on the right side of the body. The reference points used to calculate the angles (°) were: the lateral orbital margin, the tragus To standardize the test procedure the postural variables were first measured in neutral (as described below) and next in habitual sitting. The subjects were not given any instructions or information about their sitting postures and a pause of 10 minutes was provided between both measurements.
1. Maximal cervical flexion (MHP) was evaluated at baseline with the subject in neutral sitting posture, i.e. sitting with both feet flat on the floor and 90° flexion in the hips and knees. The spine was neutrally positioned from lumbar to cervical. Shoulders were placed in a relaxed position with the arms resting on the table. Next, the same tester positioned each subject's head in a MHP. 
Statistical analysis
Statistical analysis was performed using SAS software (version 9.1) and SPSS (version 15.0 for windows). All tests were set at 5% significant level (p < 0.05).
For the baseline comparison the first goal was to investigate if there was a difference in manually induced maximal cervical flexion between the PHA-group and the HC. Secondly, the differences in the mean upper-cervical ROM and cervical flexion during habitual sitting between the groups were calculated. The outcomes of both groups showed normal distribution (based on the Shapiro-Wilk test) and equal variance. However, taking the sample size into account a non-parametric Wilcoxon MannWhitney test was used.
For the comparison over time the goal was to analyse the behavior of the upper-cervical and the cervical spine within and between the PHA-group and the HC during a 30 minutes laptop task.
Variance profiles and fluctuations of the upper-cervical ROM and cervical flexion were calculated from the snapshots taken automatically every two minutes during the 30 minutes laptop task. Differences in upper-cervical ROM and cervical flexion were calculated at 10 (0 to 10th minute), 20 (0 to 20th minute) and 30 (0 to 30th minute) minutes corrected for the baseline.
Variance in differences for the upper-cervical and cervical ROM during the laptop task compared to the baseline were analysed between groups using an approximate F-test. Differences in average evolution in upper-cervical and cervical ROM between groups were analysed by fitting a multivariate regression model. Fluctuations in upper-cervical and cervical ROM between groups during the task were analysed by inspection of the correlation between the time points at two minutes using the Heterogeneous Toeplitz (TOEPH) correlation coefficients. A lower correlation corresponds with more fluctuation, a higher correlation with less fluctuation. In order to investigate the relation between the upper-cervical and cervical profile within both groups the random-effects approach for joint modelling of multivariate longitudinal data was used.
RESULTS
Characteristics subjects
Subject's characteristics are reported in Table 1 .
[insert Table 1 here.] 3.2 Baseline maximum head protraction, forward head position and head-tilt Subjects with PHA showed an increased manually induced maximal cervical flexion in neutral sitting.
The ratio of the cervical flexion to the manually induced maximal cervical flexion was significant larger in the PHA-group. Thus, the head posture during habitual sitting lays further from the end-range (Table   2 ).
[insert Table 2 here.] 3.3 Head-tilt and forward head position during the laptop task
Differences in head-tilt and forward head position profiles between groups
Figure 2 illustrates differences in upper-cervical and cervical profile for both groups. The uppercervical profile for the PHA-group shows a biphasic pattern. A gradual increase in upper-cervical extension was seen until 16 minutes, followed by a fast decrease of the angle indicating a postural change of the upper-cervical spine into upper-cervical flexion. In contrast, the HC showed an inconsistent gradual increase in upper-cervical extension throughout the task. pronounced cervical flexion was observed followed by a cervical extension. In the HC-group the cervical flexion gradually increased throughout the task.
The changes in upper-cervical and cervical profile, calculated at three different time points (10, 20 and 30 minutes) referenced to the baseline were statistically significant between groups for four measurements (Table 3) .
[insert caption to illustration ' Figure 2' Table 3 here.]
Difference in fluctuation between groups
Differences in fluctuation for upper-cervical and cervical spine during the laptop task between both groups were analysed by calculation of the correlation (TOEPH) between the measurements taken two minutes apart. Fluctuation of the upper-cervical spine within the PHA-group were larger compared to the HC. The cervical spine on the other hand fluctuated less in the PHA-group (Figure 3 ). All pvalues were significant (p < 0.05).
[insert caption to illustration ' Figure 3 ' here] 
Differences in head-tilt and forward head position profiles between groups
The PHA-group showed a biphasic profile in HT which shifts from a upper-cervical extension to an upper-cervical flexion during the task. The more upright head position in the PHA-group towards the end of the task might be a compensation for the increased load on the cervical region. In contrast, the HC showed a consistent gradual increase in upper-cervical extension.
In the PHA-group the FHP also behaved in a biphasic way, i. The rather static posture of the cervical spine in this study could be a compensation for the uppercervical fluctuations.
Head-tilt and forward head position correlation within groups
CLINICAL IMPLICATIONS
Several clinical implications arise from this study. Firstly, the upper-and lower-cervical spine and their relationship seem to play a role in the mechanism of PHA. Next, passive examination of the cervicothoracic region in patients with PHA should include end-range postures. Thirdly, it is also recommended to consider longitudinal postural analysis when evaluating patients with PHA. Further, physiotherapy in patients with PHA should involve patient-centred exercise therapy with proprioceptive exercises that address the cervical and thoracic spine. Finally, physiotherapists must also provide the patient with ergonomic advice concerning posture when using a laptop.
LIMITATIONS
This study has some limitations. The small female sample size and the laboratory setting might be limiting factors. Postural awareness of the subjects could be influenced since the students were informed that their posture was monitored.
Since age and gender could impact test results our study only included female subjects between 18
and 39 The short time of the laptop task during the testing does not reflect the actual time normally spent in front of the laptop. Although existing literature supports shorter duration tasks (Straker et al 1997 , Villanueva et al 1997 , Szeto & Lee 2002 , Nakazawa et al 2002 . Furthermore, these laptop tasks of shorter duration were able to provoke a specific posture and symptoms. Postural differences in the present study were examined during a 30 minutes laptop task between subjects with PHA and HC.
The assessment period was based on previous studies in which participants performed a laptop task for 15 or 20 minutes (Straker et al 1997 , Villanueva et al 1997 , Szeto & Lee 2002 . Nakazawa et al 2002 suggests that working on a computer for less than one hour could induce complaints such as mental, physical and sleep problems. These complaints significantly aggravate with an increasing duration.
In our study, the average time spend daily working at a laptop was between 3.2 and 4 hours for the PHA-group and the HC respectively. This was similar to previous studies (Noack-Cooper et al 2009).
Finally, students who had consulted or were consulting a physical or manual therapist for their headache were excluded (Edmondston et al 2007) .
Due to these limitations caution is required to generalize the results. Nevertheless, this study was able to detect significant differences in postural control between a PHA-group and HC using the ratio FHP to MHP and a longitudinal measurement. Both measurements seem sensitive enough to detect small differences between the groups.
SUGGESTIONS
This study measured HT referenced to the vertical axis and FHP referenced to the horizontal axis. It would be more relevant from a clinical point of view to measure the angles relative to one axis.
Because of the increasing incidence and rejuvenation of PHA more attention should be given to the 
